Attorney's Docket No.: 14580-024001 / FP1944 



APPLICATION 
FOR 



UNITED STATES LETTERS PATENT 



TITLE: HIGH DENSITY FLASH MEMORY WITH HIGH SPEED 

CACHE DATA INTERFACE 

APPLICANT: THOMAS ROEHR , MICHAEL JACOB, NORBERT REHM 
AND HANS -OLIVER JOACHIM 



CERTIFICATE OF MAILING BY EXPRESS MAIL 
Express Mail Label No. EV 34818925S US 

August 27, 2003 

Date of Deposit 



1 



High Density Flash Memory with High Speed Cache Data Interface 
Field of the invention 

The present invention relates to a data storage device, of the sort providing 
non-volatile data storage. 

5 Background of Invention 

Flash memory (also known as FEPROM, "flash erasable read-only memory") 
is a well established technology. It is defined as a type of EPROM (erasable 
programmable read-only memory) in which erasing can only be done in 

10 blocks of the memory or over the entire memory chip, and in which erasing 
can be done with the chip installed in a computer system. Currently available 
flash memory chips provide a very high memory density (e.g. 512Mbit, or 
even more). Reading data from such a memory is reasonably fast, but writing 
it is a slow operation due to the storage principle of flash memory. Typically, a 

15 data write operation takes of the order of milliseconds or more. 

By contrast, the newer technology of FeRAM (ferroelectric random access 
memory) provides a non-volatile RAM memory having a much faster write 
performance with write access times in the range 50ns and below. However, 
20 currently FeRAM technology only allows limited memory densities, below 

1 Mbit (although it is envisaged that densities in the range 32Mbit will soon be 
commercially available at reasonable cost). 

Summary of the Invention 

25 The present invention aims to provide a new and useful non-volatile data 
storage device, and in particular one having high storage capacity (over 100 
Mbits) and fast write times. 
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In general terms, the invention proposes a data storage device in which a first 
non-volatile memory unit is used as a data cache into which data is 
temporarily written, and a second non-voiatiie memory (having a storage 
capacity of 100Mbit or higher) is used as a main memory. The first non- 
S volatile memory unit supports a higher rate of data write than the second non- 
volatile memory unit. Data may be written at high rates into the first non- 
volatile memory, and then gradually transferred into the second non-volatile 
memory. Thus, the device can provide both high speed data writing and high 
storage capacity. Since both of the memories are non-volatile, no data loss 
1 0 results from any unexpected power-down of the system. 

The first non-volatile memory unit is preferably an FeRAM memory, or may 
alternatively be an MRAM memory. 

The second nonvolatile memory is preferably a flash memory, but may 
alternately be any other high density memory which is used to store charge to 

15 change the characteristics of a storage device (e.g. a transistor), which is 
programmed by forcing an electrical charge on a floating storage gate 
(EEPROM, FLASH) or into a gate dielectric (NROM). During read the 
characteristics of the storage device (e.g. its threshold voltage) depends on 
the amount of charge which was stored. Read operation for such devices is 

20 fast, but write operations are relatively slow as the charge tunnelling 
processes are slow. 

Brief Description of The Figures 

Preferred features of the invention will now be described, for the sake of 
illustration only, with reference to Fig. 1, which shows schematically an 
25 embodiment of the invention. 

Detailed Description of the embodiments 



As illustrated in Fig. 1 , the memory device which is an embodiment of the 
present invention comprises an FeRAM unit 1, a flash memory unit 3 and a 
controller 5. The FeRAM unit 1 has a storage capacity less than that of the 
flash memory unit 5. Typically, the storage capacity of the FeRAM unit 1 is 
5 above 1 Mbit, such as 4Mbrt, while the storage capacity of the flash memory 
unit 3 is above 100Mbit T such as 128Mbit. 

The device has an interface 7 (implemented by multiple lead pins) including a 
data I/O interface 9 for receiving data to be stored in the memory device and 
transmitting data retrieved from the memory device, an address interface 1 1 
for receiving signals indicative of the address at which the data is to be stored, 
and a control signal interface 13 for receiving control signals: a "write signal" 
which indicates that data received at the data I/O interface 9 is to be stored at 
an address indicated by the address received at the address interface 1 1 ; or a 
"read signal" indicating that data stored at an address received at the address 
interface 1 1 is to be transmitted through the data I/O interface 9. 

The controller 5 controls the operation of the FeRAM unit 1 and flash memory 
unit 3. Initially (i.e. at a time when the FeRAM unit 1 is not full) the controller 5 
20 stpres data received through the data interface 9 in the FeRAM unit 1 . Thus, 
data can be written to the memory device at a speed typical of an FeRAM 
memory, provided that the data received during this period is not greater than 
the capacity of the FeRAM unit 1. Subsequently, the controller 5 transfers the 
data from the FeRAM unit 1 to the flash memory unit 3, gradually emptying 
25 the FeRAM device. Thus, the FeRAM unit 1 acts as a data cache, for 
temporary data storage. Usually the data is not actually erased from the 
FeRAM unit 1 , but instead it remains there until it is later overwritten, when 
new data arrives. 
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Note that addresses supplied to the address interface 11 indicate addresses 
in the flash memory unit 3. They do not indicate a specific addresses in the 
FeRAM unii 1 . As in conventional cache memories, the FeRAM unrt 1 stores 
the data in combination with the address data, so that subsequently the 
5 controller 3 can copy the data to the correct position in the flash memory unit 
3. The data itself depends on the addressing technique. For sequential 
addresses, the starting and end addresses only are sufficient, whereas for 
random access the address for each data word has to be stored. 

10 When the controller 5 receives a read control signal, if there is no data in the 
FeRAM unit 1 at that time, the controller 5 extracts the data directly from the 
location in the flash memory unit 3 corresponding to the address specified at 
the address interface 1 1 , and transmits that data through the data interface 9. 
In the case that there is still some data in the FeRAM unit 1 at this time, this 

15 process is supplemented by a step in which the controller checks that the 
requested data is not in the FeRAM, and if it is transmits it out of the device. 
This read operation can be performed quickly, without making use of the 
FeRAM unit 1 because read operations from a flash memory are fast 

20 Therefore, the above scheme provides both high memory density and fast 
read and write operations. 

One problems arises if storage capacity of the FeRAM memory unit 1 is 
exceeded, i.e. if the data written to the device during a short period exceeds 

25 the ability of the controller 5 to write it to the flash memory unit 3 by more than 
the capacity of the FeRAM memory unit 1 . Provided that the capacity of the 
FeRAM device is higher than the amount of data which is transmitted to the 
memory device during typical single write operations, this contingency should 
be rare. If it occurs, the memory device may simply not perform the write 

30 operation (and optionally may generate a signal which is transmitted from the 
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memory device to indicate that it is not capable of receiving data, e.g. through 
the control signal interface 13). Alternatively, the controller 5 may transmit 
any data which cannot be stored in the FeRAM memory unit 1 directly to the 
flash memory unit 3. In this case, the write operation will be performed, albeit 
5 at the write speed associated with presently known flash memory devices. 

The memory device of the embodiment may be realised in several ways. Most 
conveniently, the FeRAM memory unit 1, flash memory unit 3 and controller 5 
are three separate integrated circuits, but these three integrated circuits may 

10 be packaged together in a single package (i.e. to form a one-piece element, 
e.g. to mount on a printed circuit board), or alternatively may be packaged 
individually (i.e. as multiple separate elements, e.g. to be mounted separately 
on a printed circuit board). Any combination of these two packaging 
possibilities is also possible. Another possibilities is for any one or more of the 

1 5 FeRAM memory unit 1 , flash memory unit 3 and controller 5 to be provided on 
the same wafer, e.g. as embedded technology or system on chip. 

Although only a single embodiment of the invention has been described in 
detail, many variations are possible within the scope of the invention, as will 

20 be clear to a skilled reader. For example, whereas the controller 5 can be 
implemented straightforwardly by a skilled reader making use of the control 
circuitry which is already present in conventional FeRAM units and flash 
memory units, in other embodiments the two forms of control can be 
integrated to some degree, e.g. by providing the functionality of the control 

25 unit 5 as a part of the circuitry within the integrated circuit which provides the 
FeRAM memory unit 1 . 

Although only a single embodiment of the invention has been described in 
detail above, various modifications are possible within the scope of the 
30 invention as will be clear to a skilled reader. For example, the FeRAM 
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memory unit 1 may be replaced by an MRAM unit. MRAM has higher access 
performance than FeRAM and its implementation in the present invention 
could be fundamentally as described above. 



